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Abstract 
With the relentless increase in population density, the anthropogenic expansion into natural terrestrial 
hazard zones has become irreversible resulting in ever more catastrophic disasters, not only in the 
Asia-Pacific region more so within the entire tropical belts engulfing Mother Earth. Thus not only the 
Indonesian-Pacific Islands, so also South America, Africa and back via the Indian Ocean Islands to 
Asia-Pacific, these natural events like volcano eruptions, earthquakes with emerging tsunami, cyclones and 
severe down pours have caused havoc, loss of lives, destruction of infrastructure and above all intentional 
manmade interference resulting in the deterioration of pristine tropical jungle forests. What is required is 
around-the-clock local and wide-area surveillance and remote sensing of the vegetative cover for which first 
well designed optical equatorially orbiting satellite sensors had been developed but their successful 
implementation failed because of the ever increasing cloud, precipitation, humidity and aerosol cover within 
the entire equatorial belt of +/- 15* ~ 20* latitude rendering penetration at optical wavelength mostly 
ineffective. Hence, we must take recourse to microwave sensing, and implement radar and synthetic aperture 
sensors from air and space operational at day & night independent of weather; and the sensors especially 
suited are the fully polarimetric POL-SAR sensors developed for satellite remote sensing by the major SAR 
technology development centers worldwide. As first and main test case, we will explore the Indonesian 
Island region.  
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Introduction 
The outstanding performance capabilities of the 
three Satellite POLSAR sensors are well established; 
and in this exposition the exploitation of the fully 
polarimetric ALOS-PAL=PPL=SAR mode is 
demonstrated by implementing the Niigata-University 
four-scatterer SAR image decomposition with 
coherency-matrix rotation proving the superior 
imaging capabilities of the fully polarimetric SAR 
modes not only for the ALOS-PALSAR L-Band and 
similarly to the S-Band, C-Band and X-Band. The 
novel fully polarimetric POL-SAR image processing 
techniques are then applied to natural hazard detection 
and subsequent disaster reduction of taiphoons with 
land-slides, volcano eruptions with plume aftereffects 
& landslides, and of earthquakes with drop-slips 
experienced within the SE-Asian/Pacific Ring-of-Fire 
including next to Japan in Taiwan, the Philippines and 
Indonesia, promoting equatorially orbiting Single and 
Tandem L-/S-/X-Band POLSAR sensor deployment. 
Major emphasis is placed on the development of 
equatorially orbiting satellite sensors between +/-12 
(15)* latitude. 
The Indonesian Islands stretch over almost four 
time zones along the equatorial belt in between +/- 
10* latitude, and its lush vegetation along with its 
mineral resources are exposed to increasing natural 
hazards like volcano eruptions, earthquakes and 
seaquakes with ensuing tsunami, cyclones with 
devastating floods plus ruthless mineral mining and 
conversion of natural tropical jungles into oil-palm 
estates for ethanol production. Thus, disaster 
assessment and prevention has become an ever more 
pressing topic of top priority. Current ground-based 
disaster damage assessment methods are cumbersome 
and costly due to sudden sporadic hazard occurrences; 
and local point measurements are not representative of 
larger affected regions. Due to the strong spatial and 
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temporal dynamics of geo/bio-environmental 
constituents enhanced by strong local weather changes, 
frequent continual observations are necessary for 
which microwave satellite remote sensing  and stress 
change monitoring provide the sought for repetitive 
monitoring capability and synoptic coverage subject 
to equatorially orbiting POL-SAR satellite 
implementation. 
 
Fig.1. ALOSPALSAR, RADARSAT-2, TerraSAR-X. 
 
Method of approach 
The basic radar technologies to do the job are the 
multimodal Synthetic Aperture Radar (SAR) sensors. 
In the meantime, fully polarimetric multi-modal high 
resolution SAR systems at multiple frequencies and 
incidence angles were introduced first with the 
multi-band AIRSAR of NASA-JPL culminating in the 
once-only pair of SIR-C/X-SAR shuttle missions of 
1994 April and October as well as the SRTM shuttle 
mission, which laid the ground work for true day/night 
space remote sensing of the terrestrial barren and 
vegetated land and ocean covers using multi-band 
polarimetric SAR  Thereafter, the Canadian CCRS, 
the German DLR and the Japanese NASDA & CRL 
{now JAXA & NICT} took over introducing and 
steadily advancing the Convair-580, the E-SAR (now 
F-SAR) and Pi-SAR airborne highly advanced fully 
polarimetric sensors platforms, respectively [1, 2]. 
These separate international multi-modal fully 
polarimetric and also interferometric airborne SAR 
developmental efforts culminated in a 
well-coordinated group effort of these three 
independent teams eventually launching and operating 
Fully Polarimetric Satellite SAR Sensors (Fig. 1) at 
L-Band (ALOS-PALSAR launched by JAXA/Japan in 
2006 January – and to be followed by 
ALOS-PALSAR-2 &3); at C-Band (RADARSAT-2  
launched by CSA-MDA in 2007 December – to be 
followed by independent RADARSAT-3&4) and at 
X-Band (TerraSAR-X launched by DLR-Astrium in 
2007 July with the follow-on tandem mission 
TanDEM-X (Fig. 2) launched in June 2010). Thus, 
international collaboration on advancing day/night 
global monitoring of the terrestrial covers was 
decomposed with the launch of the three fully 
polarimetric multi-modal SAR Satellites currently 
only at L-, C-, X-Band and its first tandem 
satellite-pair update of the DLR TanDEM-X. All of 
these efforts will be topped by near-future joint 
DLR-JPL DESDynI/Tandem-L wide-swath, 
high-resolution fully polarimetric sensor 
implementation, which in due time will be enlarged to 
accommodate next to the L-, C-, X- also P-Band 
sensors using one and the same reflector, then 
enabling full assessment also of dense tropical forests 
which will for example result in curtailing illegal 
deforestation, there and elsewhere. 
 
Fig.2. TanDEM-X Configurations. 
 
Fig.3. Indonesian Islands within Equatorial Belt. 
 
Satellite sensor implementation 
The ALOS-PALSAR (L-band), the RADAR-SAT-II 
(C-Band) satellite POLSAR sensors together with 
TerraSAR-X and TanDEM-X satellite sensors 
provided spectacular imagery at Indonesian sites 
chosen at random, whereas in this proposed 
equatorially orbiting satellite POLSAR sensors are the 
objective to identifying minute surface changes due to 
natural hazards and anthropogenic destruction of the 
precious tropical vegetative ground covers within the 
equatorial belt of the Indonesian islands stretching 
over almost four time zones along the equator along 
which some 120 active volcanoes periodically erupt. 
The disastrous destruction of the tropical environment 
is inflicted mainly by coastal oil rigging,  rigorous 
    
surface mining (coal, ore, gold, precious and rare 
minerals), ethanol production by replacing virgin 
tropical jungles by oil palm monoculture forests, 
calling for the immediate implementation of the DLR 
TerraSAR-X/TanDEM-X as well as 
ALOS-PALSAR-2 and RADAR-SAT-3 satellite 
sensors. 
 
Fig.4. Deforestation Map of Indonesia. 
 
Fig.5. Equatorial Satellite Orbits over Indonesia. 
 
Fig.6. Mineral resources map. 
 
Selection of desired test sites 
For demonstrating its applicability a selected set of 
distinct test-regions spread along the entire equatorial 
extent with its chain of some 120 active volcanoes 
needs to be specified from North-west Sumatra via 
Java, Nusa Tenggara, Kalimantan, Sulawesi to the 
Maluku/Timor islands and Papua. During the recent 
years, excellent satellite X-Band remote sensing 
results had already been obtained for some randomly 
selected regions over Kalimantan on Borneo [3], 
which needs to be supplemented by a more rigorous 
selection of pertinent test sites across all of Indonesia 
with the upgraded TerraSAR-X/TanDEM-X satellite 
DLR sensors [3]. With the aid of Figures 2, 5 and 6, 
here we propose a set of possible sites for further 
selective consideration from West to East, requiring 
the input of local specialists: 
 
Table 1. Selection of desired test sites 
SUMATRA 
Banda Aceh 
Medan 
Padang 
Bandar Lampung 
Krakatao 
JAVA 
Banten 
Jakarta/Depok 
Bogor 
Bandung 
Yogyakarta 
Solo/Surakart 
Semarang 
Surabaya 
Malang 
Jember 
NUSA TENGGARA 
Bali/Denpasar 
Lombok/Mataram 
Timor/Kapung 
KALIMANTAN 
Palembang 
Banjarmasin 
Palangkraya 
Pontianak 
Samarinda/Balikpapan 
SULAWESI 
Makassar 
Kendari 
Palu 
Menado 
MALUKU/PAPUA 
Ambon 
Biak 
Sorong 
Merauke/Iran-Jaya 
  
   
 
Fig.7. Chain of Indonesian volcanoes. 
 
 
Fig.8. Natural Hazard Distribution in Indonesia. 
 
Development of equatorially orbiting multi-band 
polsar satellites 
Although LAPN-TUB had initiated the successful 
development of mini-satellites equipped with Optical 
sensors for equatorial orbital monitoring over the 
equatorial belt at very narrow swath-width providing 
12 ~ 16 daily local passages, no mission-dedicated 
microwave sensor was hitherto developed for 
geo/bio-environmental remote sensing and 
stress-change monitoring. However, considering the 
wide plethora of diverse applications a multi-band 
wide-swath fixed equatorially orbiting satellite of the 
Multi-band DESDynI-Tandem configuration with 
beam-shaping capability enabling ~ 400 km to 500 km 
swath-width at L-, S-, and X-Bands ~ would ideally 
be desired and should be aimed for to become 
operational within 5 to 12 years.  Not only Indonesia 
but all tropical environments along entire terrestrial 
equatorial belt require the urgent deployment of fully 
polarimetric POL-SAR sensors including the 
intermittent tropical oceans within which major global 
weather phenomena like cyclones develop. 
Recommendations 
 At each of the many cited regions, distinct local sites 
peculiar physical, climatologic and anthropogenic 
conditions exist, and in order for covering all of these 
diverse sites, it is indeed essential for not waiting any 
longer but have a properly chosen set of equatorially 
orbiting multi-band sensors developed and test sites 
concurrently monitored with other near field testing 
methods of for example the local island agricultural, 
forestry and aquacultural institutions plus mining 
companies. In order for realizing this urgently 
required design and development of equatorially 
orbiting with multi-band POLSAR satellite sensors 
with sufficiently wide swath-width for covering the 
entire extent of the Indonesian islands across its 
equatorial belt, all of the leading multi-band 
POL-SAR design and development centers need to be 
called for immediate action without national and/or 
institutional ego but in view of its superior relevance 
for the future health of Mother Earth.  
 
 
Figure 9 Closed loop Equatorial Satellite Orbits 
 
Conclusions 
The challenge is thus to develop equatorially 
orbiting SAR, preferably POL-SAR satellite sensors, 
within the desirable P/L/S/C/X/Ka multi-bands, which 
does pose severe technological problems due to the 
steep incidence-angle illumination on one hand, and 
because of the fact that the major SAR Technology 
Designers reside far outside the equatorial belt not 
being excited about SAR sensor development for the 
tropical belt anywhere. Therefore, we need to 
mobilize and draw full responsible attention of the 
main SAR Development Centres worldwide such as 
NASA/JPL, ESA/ESTEC, JAXA/EORC, CSA/SAR, 
DLR/SAR, DSTO/SAR, ISRO/SAC, INPE/SERE plus 
    
NTU-Temasek,NCU-CSRSR,LAPAN/RANCABUNG
UR, and so on; joining forces and strongly 
contributing to a viable multi-band general bi-static 
(including cross/along)-track POLSAR sensor 
technology, well suited for equatorial monitoring 
within orbits of +/- 20* latitude. Once this urgent goal 
is achieved, local regions could be observed daily up 
to 12 to 14 times, covering both the land and ocean 
regions essential for environmental protection and 
meteorological forecasting, respectively, on a hitherto 
unprecedented global level. The Indonesian Islands 
environment will be considered as a prime test case. 
More importantly, it must be of top priority to 
implicate the network of international radar 
polarimetry community at the National (LIPI, BMKG, 
LAPAN) and envisioned Indonesian Geomatics & 
Remote Sensing Centers for influencing a plethora of 
other local campus wide disciplines engaged in 
environmental and humanitarian for implanting the  
benefits of SAR Polarimetry with a special emphasis 
on monitoring and maintaining the environmental 
health of our Mother Earth which is under severe 
attack especially here in Indonesia!   
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